Revista Brasileira de Entomologia http://dx.doi.org/10.1590/ S0085-56262013005000028 Melolonthidae is represented by several species which may be crop pests due to the damage they cause (Oliveira et al. 2008; Rodrigues et al. 2011) . They feed mainly on the root system, causing yellowing, followed by wilting and subsequent death of the plants (Oliveira et al. 2004) . Among these insects, highlighted are those that feed on economically important crops such as soybeans, corn, sugarcane and wheat.
In Melolonthidae some species such as those of the genus Leucothyreus Macleay, 1819 stand out as pests and are reported causing damage to crops in regions of South America. In northern Cauca, Colombia, Pardo-Locarno et al. (2005) considered Leucothyreus sp. as pests of the roots of plants in agroecological systems. Pardo-Locarno et al. (2006) reported Leucothyreus femoratus Burmeister, 1844, in Colombia, as agriculturally important, both in their larval and adult phases.
In Brazil, Puker et al. (2011) reported the occurrence of Leucothyreus albopilosus Ohaus, 1917 feeding on lesions on the stem of Eucalyptus citriodora Hook, 1848 in Mato Grosso do Sul. Puker et al. (2009) also observed in Mato Grosso do Sul, larvae of Leucothyreus sp. and Leucothyreus dorsalis Blanchard, 1850 associated with root systems of the palm Acrocomia aculeata (Jacq) Lodd. ex Mart. Information on the biological aspects and period of occurrence of L. dorsalis were studied by Rodrigues et al. (2010a) .
There is little information on the association of specimens of Leucothyreus with important crops in Brazil, existing information dealing mostly with associations involving other beetle genera. Oliveira et al. (2000) reported on the occurrence of Phyllophaga cuyabana Moser, 1918 causing damage in soybean crops in the state of Paraná, Brazil. In areas of Cerrado, in the Federal District, P. aff. capillata Blanchard, 1850 was encountered causing damage to soybean crops (Oliveira et al. 2007) .
Cyclocephala forsteri Endrodi, 1963 has been reported causing damage in soybean crops in the Brazilian state of Mato Grosso do Sul (Santos & Ávila 2007) . Rodrigues et al. (2011) observed Liogenys fuscus Blanchard, 1851as the main Melolonthidae pest species associated with certain crops, including corn and soybeans. In Rio Grande do Sul, Silva & Costa (2002) observed Diloboderus abderus Sturm, 1826 as a pest in corn crops.
Given the limited information on species of the genus Leucothyreus associated with cultivated crops in Brazil, studies were developed on soybeans and corn in Tangará da Serra, Mato Grosso, Brazil, with the objective of studying the occurrence and biological aspects of Leucothyreus alvarengai Frey, 1976 
MATERIAL AND METHODS
To sample and monitor the occurrence of immature stages of L. alvarengai and L. aff. semipruinosus, studies were conducted in the crop area of the Três Irmãos farm, located approximately 18 km from the city of Tangará da Serra, Mato Grosso, at 14°72' S and 57°56' W. The climate in this region is Aw according to the Köppen-Geiger classification (tropical rainy), with dry winter and wet summer, rainfall ranging from 1,300 to 2,000 mm.yr -1 and temperatures varying from 16 to 38ºC (Maman et al. 2007) . In this location the crop succession system is used, with soybeans in the summer and corn in the off-season. In the 2010/2011 and 2011/2012 growing seasons the soybean variety Nidera AN 8500 and the hybrid corn Dow 2B688 were planted in the experimental area. The crop fields had approximately 120 hectares, where one field was used to conduct the studies.
In 2011, samplings of larvae of Leucothyreus were conducted in corn in April, and sampling was performed again in July and October, but the experimental area was fallow; sampling was again performed in December, when the soybean culture was already installed. In 2012 samples were collected in January and February in soybeans and in March in corn fields.
Larvae samples were taken randomly in the experimental area. Each month, when taking the samples, 50 trenches were excavated in the crop rows, where each trench measured 25x25x30 cm deep (adapted from the methodology described by Pardo-Locarno et al. 2005) . When digging trenches the larvae were obtained and kept in separate 500 ml plastic containers with soil.
The larvae sampled were taken to the laboratory of Entomology of the State University of Mato Grosso do Sul, in Aquidauana, MS, Brazil, where they were maintained in individual 500 ml plastic containers, and reared until reaching adulthood. Roughly two-thirds of the plastic containers were filled with soil and a seedling of Brachiaria decumbens Stapf, until the larvae reached adulthood. Seedlings of B. decumbens were replaced biweekly, thus providing roots for the larvae to feed on.
From observing the raster of the larvae, they were separated for study of biological aspects. The larvae were measured weekly, assessing the width of the head capsule, length and width of the larvae (Silva & Grützmacher 1996; Rodrigues et al. 2008 ). In the pre-pupal and pupal phases they were weighted as well. Adults were sexed and measured with calipers, along with the width of the prothorax and length of the body, followed by drying in an oven (60±5°C) for 48 hours.
Identification of L. alvarengai and L. aff. semipruinosus was performed by comparing the material deposited in the Scarabaeoidea collection of the Institute of Ecology, Xalapa, Veracruz, Mexico (IEXA), with images of the type specimens deposited in the collection of Zoologische Museum der Humboldt Universität zu Berlin (ZMHU) and with the original descriptions. Specimens were mounted and deposited in the insect collection of the Entomology Laboratory at the State University of Mato Grosso do Sul in Aquidauana, MS, Brazil (UEMS), and at the Institute of Ecology in Xalapa, Veracruz, Mexico (IEXA).
RESULTS AND DISCUSSION
During the sampling conducted in April 2011 in the corn crop, 100 larvae were collected, being 69 of L. alvarengai and 31 of L. aff. semipruinosus. Leucothyreus alvarengai presented an average density of 23 larvae.m -2 , while that of L. aff. semipruinosus was 10.3 larvae.m -2 . During samplings carried out in July the experimental area was fallow, and in this sample there was a decrease in the number of larvae, collecting a total of 6 which resulted in a mean density of 2.0 larvae.m 2 , all of L. alvarengai. The reduction in larval density may be related to the lack of rainfall in the region during the sampling period, which causes the larvae to migrate in the soil profile in search of moisture, or may also be related to the biological cycle of the species which migrate in the soil profile to construct a pupal chamber, however they have not been found in the deeper samples (unpubl. results).
In October the area was still fallow, however the number of larvae sampled increased to 30 larvae, of which 22 were L. alvarengai and eight were L. aff. semipruinosus, resulting in mean densities of 7.3 larvae.m -2 and 2.7 larvae.m -2
, respectively. The increase in number of larvae may be due to the onset of rains in September, so that adults of Leucothyreus take flight and begin oviposition in the experimental area and in October the first instar larvae begin to be found.
In December, 27 larvae were sampled in soybeans, and of these 18 were of L. alvarengai and nine of L. aff. semipruinosus, which generated a density of 6.0 and 3.0 larvae.m -2 , respectively. Sampling conducted in soybeans in January 2012 obtained 32 larvae, 19 of L. alvarengai and 13 of L. aff. semipruinosus, with average densities of 6.3 larvae.m -2 and 4.3 larvae.m -2 , respectively. In February 52 Leucothyreus larvae were sampled in soybeans, of which 32 were L. alvarengai and 20 were L. aff. semipruinosus, with an average densities of 10.7 and 6.7 larvae.m -2 , respectively. In March, 65 larvae were sampled in corn, being 42 of L. alvarengai and of 23 L. aff. semipruinosus with densities of 14 larvae.m -2 and 7.7 larvae.m -2 on average. The Leucothyreus larvae encountered remained near the roots of soybean and corn which they feed on.
High densities of larvae of phytophagous Scarabaeoidea were found in some cultures. Coutinho et al. (2011) sampled 53.65 larvae.m -2 in sugarcane. In soybeans, Oliveira et al. (1997) collected on average 20 larvae.m -2 of P. cuyabana. Differentiation of the third instar larvae of Leucothyreus alvarengai and L. aff. semipruinosus can be performed through observation of some characters. In L. alvarengai the width of the head capsule is 3.3 mm, body length of 22.9 mm and thorax width of 4.7 mm; two large and three small dorsoepicranial setae in each side of the epicranial suture; 325 Biological aspects of Leucothyreus alvarengai Frey and Leucothyreus aff. semipruinosus Ohaus raster with three pali on each palidium (Fig. 1a) . In L. aff. semipruinosus the width of the head capsule is 4.1 mm, body length of 24.6 and thorax width of 5.0 mm; two large dorsoepicranial setae in each side of the epicranial suture; raster with four to five pali on each palidium (Fig. 1b) . The observation of palidia is an important tool for species differentiation of larvae of Scarabaeoidea. In a study conducted by Coutinho et al. (2011) , chaeotaxy on the raster were used as one of the morphological characteristics for differentiation of species collected in sugarcane fields.
ners; posterior angles of pronotum almost straight, prominent; elytra with some longitudinal grooves weakly marked, posterior half of elytral surface more convex than anterior half (more noticeable in females); aedeagus with parameres long, very slender, asymmetrical, phalobase without projections (Fig. 3) .
Additional morphological features used for differentiation of species were observed in adult males of Leucothyreus. In L. alvarengai body length is 9.8 to 10.6 mm; dorsal coloration dark brown with iridescent reflections on pronotum, elytra shinny and legs yellowish brown; anterior border of clypeus almost semicircular; posterior angles of pronotum obtuse, not prominent; elytra with all longitudinal grooves clearly marked, posterior half of elytral surface less convex than anterior half; aedeagus with both parameres small, short, narrow, symmetrical, phalobase with four projections, one on each side and two dorsal (Fig. 2) . In L. aff. semipruinosus, the body length is 10.5 to 11.8 mm; dorsal coloration dark brown with sparse iridescent reflections on pronotum, elytra slightly opaque and legs brown; anterior border of clypeus semitrapezoidal with rounded cor- Additional information on adult Leucothyreus is presented by Jameson & Hawkins (2005) , who reported that the adults of this genus generally present body size varying from 8.0 to 18.0 mm, and that they are most frequently dark brown, black or metallic brown.
Biological aspects of Leucothyreus alvarengai. Adults usually begin to fly in the field in September and are observed until January, where this period coincides with the rainy season in the region of study. During the period of adult occurrence, eggs were also found, therefore the period in which the adults are flying may also be when oviposition is performed in the field (Fig. 4) .
First instar larvae are found from September until early February, while the second instar are found beginning in October when the soybean crop had just been sown and can be sampled until early May, when the corn crop is still in the field. Larvae in the third instar begin to be collected in midNovember and are found until the end of July, being present during part of the soybean cycle and throughout the corn development cycle (Fig. 4) .
First instar larvae collected in the field did not survive in the laboratory. Larvae of L. alvarengai in the second and third instar, when reared in the laboratory remained in these phases for 37.3 days and 53.3 days, respectively (Table I) brown at the end of development. In the adult phase L. alvarengai showed average longevity of 23.6 days. The biological cycle of the second instar until emergence of the adult reared in the laboratory was completed in 182.9 days on average (Table I) . Width of the head capsules of L. alvarengai was measured, obtaining mean width values for the second instar of 2.5 mm (n = 63) and that of the third instar was 3.3 mm (n = 47), thus indicating a growth of the head capsules of 1.3 times. Second instar larvae of L. alvarengai presented average dimensions of 16.8 mm in length and 3.6 mm in width (Table  II) . In the third instar the larvae showed a mean length of 22.9 mm and 4.7 mm in width. Growth of 1.4 times in length and 1.3 times in width can be observed from the second to third instar. In the pre-pupal phase the L. alvarengai larvae weighed 311.3 mg on average (n = 37), and in the pupal stage the mean weight was 202.0 mg (n = 32). Pupae of L. alvarengai showed a mean length of 11.8 mm and 5.3 mm in width. Adults have a mean length of 10.2 mm and an average width of 4.7mm (Table II; Fig. 2) . Upon reaching the adult phase they weighed 101.0 mg on average (n = 25). Pardo-Locarno et al. (2006) reported that third instar larvae of L. femoratus varied in length from 18 to 21 mm and in width from 4 to 5 mm, and width of the head capsules ranged from 3 to 3.2 mm. Puker et al. (2009) found that adults of L. dorsalis measured on average 10.5 mm long by 4.6 mm wide. Rodrigues et al. (2010a) observed that males of L. dorsalis were on average 10.1 mm long by 4.5 mm wide, whereas females measured on average 11.0 mm long by 4.7 mm wide.
The pre-pupal phase of L. alvarengai was characterized by the end of feeding on roots of the larvae, slowing their movement in the soil. When becoming pre-pupae the larvae construct a pupal chamber in the soil formed of soil and probably saliva, which measure on average 8.7 x 14.2 mm (n = 19). In this stage the larvae also presented a grayish-white color. Santos & Avila (2009) observed that before becoming pre-pupae the larvae of Liogenys suturalis Blanchard, 1851 constructed a shelter in the soil. Rodrigues et al. (2008) reported that pre-pupae of Anomala testaceipennis Blanchard, 1856 built pupal chambers of soil and saliva, which had average dimensions of 9 x 25 mm.
In the field collections several orifices in the soil were visualized on various occasions, which had an average diameter of 1.32 cm (n = 22), and when digging in the soil profile the galleries presented a wavy, unbranched appearance forming angles of 45° to 75° relative to the soil surface and had depths of 70-80 cm (n = 22). At the end of these galleries adults of L. alvarengai were encountered (n = 5), which in turn were located in a chamber with average internal dimensions of 4.0 cm long by 3.6 cm wide and 2.8 cm high (n = 20). Leuchotyreus alvarengai upon reaching the pre-pupal phase probably migrated in the soil and constructed a chamber, where they turn into pupa and then reach the adult stage. When they detect suitable conditions they migrate to the soil surface and begin their reproductive activities.
Biological aspects of Leucothyreus aff. semipruinosus. Adult emergence began in September and lasted until February when they are still encountered. During the same period the occurrence of eggs was also observed in the dissected females. Both the occurrence of adults and appearance of the first eggs coincide with the beginning of the rainy season in the region (Fig. 5) .
First instar larvae are encountered from October to March in the field, and second instar larvae from October to April (Fig. 5) . The cycles of the first and second instar larvae coincide with that of soybeans and a portion of the corn crop culture. Third instar larvae can also be sampled in the field beginning in December and finishing their cycle at the end of June, while the pupal phase begins in June and extends until October (Fig. 5) . Third instar larvae are sampled at the end of the soybean cycle and practically during the entire corn cycle.
The mean width of the head capsule of second instar larvae was 2.9 mm (n = 30) and that of the third instar of 4.1 mm (n = 26). Thus, a 1.4 times increase in width of the head capsule was observed. In second instar, the larvae of L. aff. semipruinosus measured 17.2 mm in length and 3.7 mm in width on average, and the third instar larvae presented mean length of 24.6 mm and width of 5.0 (Table II) . Growth observed in length and width from the second to third instar stages for larvae of L. aff. semipruinosus was 1.4 times for both. Larvae of L. aff. semipruinosus in the pre-pupal phase weighted 344.8 mg (n = 20), and when reaching the pupal phase the mean weight was 257.4 mg (n = 18). Pupae of L. aff. semipruinosus have 12.4 mm and 5.6 mm in length and width, respectively (Table II) . Adults measured 11.2 mm in length and 5.1 mm in width, with mean weight of 139.2 mg (n = 15) (Table II; Fig. 3) .
When monitoring the development phases of L. dorsalis, Rodrigues et al. (2010a) reported that the second and third instar lasted 38.9 and 52.7 days, respectively, while the prepupal, pupal and adult phases lasted on average 130.7, 23.5 and 18 days, respectively. Larvae of L. dorsalis observed by Rodrigues et al. (2010a) presented head capsule widths of both the second (1.8 mm) and third instar (2.8 mm) smaller than the larvae of L. alvarengai and L. aff. semipruinosus.
Pre-pupae of L. aff. semipruinosus presented alterations in their color, acquiring a clear yellow color due to the accumulation of fat before the pupal phase. Moreover, at this moment the larvae stopped feeding and became pre-pupae. They constructed a chamber for protection in the soil where they completed their development, the chambers measuring 9.3 mm in width by 16.4 mm in length (n = 10). The protection chambers were observed when removing the larvae from the rearing recipients for measurement, and these were formed of soil and saliva and were not easily broken when measured. Puker et al. (2009) verified that larvae of L. dorsalis constructed a pupal chamber with internal dimensions of 26.1 mm in length by 8.2 mm in width before becoming pupa. Santos & Ávila (2009) observed that larvae of L. suturalis altered their color in the final phase of larval development. In the studies of Rodrigues et al. (2010b) it was observed that larvae of Cyclocephala verticalis Burmeister, 1847, before becoming pupae, construct a chamber in the soil for protection and remain there until becoming adult. It is noted that pupae of L. aff. semipruinosus were 1.3 times heavier than the pupae of L. alvarengai, just as adults of L. aff. semipruinosus were 1.4 times heavier than adults of L. alvarengai.
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First instar larvae did not survive in the laboratory, therefore their duration in days was not obtained. Second instar larvae of L. aff. semipruinosus remained for roughly 32.0 days in this phase (Table I) . Third instar larvae remained for 55.1 days on average in this phase. The pre-pupal phase had a duration of 64.3 days on average. The pupal phase lasted for 25.9 days, where in this phase they obtain the clear yellow color at the beginning of development, and brown at the end of this phase. The adult phase of L. aff. semipruinosus lasted 27.1 days on average and the biological cycle was completed in 201.1 days (Table I) . 
